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(54) Method of separating wafers Into Individual die 

(57) A method of separating a wafer into individual 
die Is disclosed. The wafer includes a substrate with 
organic thin-film multiple layers. A portion of the organic 
multiple layers is etched along a scribe line with excimer 
laser to form a groove to expose a portion of the sub- 
strate before sawing the substrate along the scribe line 
with a saw blade. Plasma etching or Ion beam etching or 
sand blasting is an alternative to the excimer laser. 
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Description 

The present invention relates to a method of sepa- 
rating wafers into individual die for final packaging, and 
more particularly to an improvement in such a method 5 
using a blade for separating the die. 

The wafers, each being comprised of organic multi- 
ple layers on a substrate, are placed on a wafer probe, 
and the individual die on each wafer are tested. Those 
devices that function properly are left alone, while those io 
that fail are marked. With the devices or circuits on the 
wafer tested, the wafers are separated into individual 
die for final packing. This operation is generally called 
"wafer scribe**. A commonly used method to separate 
die is sawing. A rotating saw blade is used to separate is 
the die. The rotating saw blade is drawn through the 
organic multiple layers and the substrate at the same 
time along the scribe line. 

JP-A 5-95046 teaches a method of separating a 
wafer that is comprised of thin-film sensors attached to 20 
one side of a substrate. The substrate is formed with, by 
etching, holes to expose the thin4ilm sensors. Protec- 
tion resin is painted to fill in the holes. An adhesive tape 
is attached to the substrate to cover the thirvfilm sen- 
sors to protect them during wafer scribe, by sawing, to 2S 
separate die. The die are separated from the tape and 
the protection resin removed by dissolution. Witii this 
method, it is described that the thin-film sensors are not 
damaged. 

Separating, in a conventional manner, a wafer 30 
involves simultaneous cutting through the organic thin 
film multiple layers and the substrate with the saw blade. 
Difference in coefficient of thermal expansion between 
the organic thin film layers and the substrate causes 
concentration of stress on a weak portion of the cutting 3S 
section. The concentration of staress may cause the 
organic layers to peal off from the substrate if bond 
between the organic layers and the substrate is not 
tight. Further, it may cause the substrate to split to form 
notch in the cutting section if structural strength of the 
substrate is not sufficiently high. 

The die that is subject to such a defect during wafer 
scribe will lose its commercial value, thus pushing up 
manufactijring cost of the tips. 

An object of the present invention is to provide a 45 
method of separating wafers into individual die. which 
method, free from the above-mentioned prok)lems. min- 
imizes loss to the yield of good and reliable chips. 

According to the present invention, there is pro- 
vided a method of separating a wafer into individual die. so 
the wafer including a substrate with organic multiple lay- 
ers, the method comprising the steps of: 

removing a portion of the organic multiple layers 
along a scribe line to form a groove to expose a por- ss 
tion of the substrate; and 

sawing said portion of tfie substrate along the 
scribe line with a saw blade tiiat has a thickness 



less than a widtii of said groove. 

Figs. 1(a). 1(b), 1(c) and 1(d) are schematic 
elevation diagrams illustrating various steps of 
a first embodiment of a metiiod of separating a 
wafer into individual die; 
Figs. 2(a). 2(b). 2(c) and 2(d) are schematic 
plan diagrams illustrating the various steps of 
the first entbodiment; 

Figs. 3(a), 3(b). 3(c) and 3(d) are schematic 
elevation diagrams illustrating various steps of 
a second embodiment off a method of separat- 
ing die: 

Figs. 4(a). 4(b), 4(c) and 4(d) are schematic 

plan diagrams illustrating the various steps of 

the second embodiment; 

Figs. 5(a). 5(b). 5(c) and 5(d) are schematic 

elevation diagrams illustrating various steps of 

a third emk3odiment of a method of separating 

die: 

Figs. 6(a). 6(b), 6(c) and 6(d) are schematic 
plan diagrams illustrating the various steps of 
the third emtxxiiment; 

Figs. 7(a). 7(b), 7(c) and 7(d) are schematic 
elevation diagrams illustrating various steps of 
a fourth entxxliment of a method of separating 
die; 

Figs. 8(a). 8(b), 8(c) and 8(d) are schematic 
plan diagrams illustrating the various steps of 
the fourth embodiment; 
Figs. 9(a), 9(b) and 9(c) are schematic eleva- 
tion diagrams illustrating various steps of the 
before discussed conventional method of sepa- 
rating die; 

Figs. 10(a). 10(b) and 10(c) are schematic plan 
diagrams illustrating the various processes of 
the conventional method; and 
Figs. 11(a) and 11(b) are schematic diagrams 
illustrating two kinds of defects mentioned 
before during wafer scribe according to the 
conventional method. 

Referring to Figs. 1(a) to 1(d) and Figs. 2(a) to 2(d), 
the first enibodiment according to the present invention 
is described. In Fig. 1 (a), a wafer is comprised of a mul- 
tiple-layered ceramic substrate 10. Deposited on the 
sut>strate 10 are organic thin-film multiple layers 1 1 . The 
multiple layers 1 1 involves a plurality, four in this embod- 
iment, of circuits 12. 13. 14 and 15, see Fig. 2(a). In this 
embodiment, the circuits 12, 13 and 14 belong to the 
same pattern and the circuit 15 belongs to a different 
pattern. The circuit 15 is designed for a special purpose. 

The organic thin-film multiple layers 1 1 result from 
carrying out a sequentially laminating method in whfoh a 
polyimtde insulating layer forming process and a circuit 
layer forming process are repeated. The insulating layer 
forming process comprises the steps of applying poly- 
imide precursor varnish to the multiple-layered ceramic 
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substrate 1 0. drying the applied varnish to form an insu- 
lating layer and forming viaholes through the insulating 
layer. The circuit layer forming process uses photoli- 
thography, vacuum-vapor-deposition (WD) and metal 
plating. s 

According to another method of forming the thin- 
film multiple layers 11. polyimide organic thin-film multi- 
ple-layered circuits are formed on auxiliary substrates, 
respectively. Such auxiliary substrates are located on 
and provisionally mounted on a ceramic multiple-lay- io 
ered substrate for subsequent heat treatment under 
pressure. 

This method permits mounting only the circuits that 
have passed the test on the substrate. Indeed, this fab- 
rication method is advantageous over the before-men- is 
tioned one in yield of good circuits. Besides, 
manufacturing days have t>een shortened because 
polyimide layers can be laminated on auxiliary sub- 
strates in parallel. 

The wafers, which have been manufactured, are 20 
subject to separation along the scribe line. Conducting 
the wafer scribe provides chips having circuits 12. 13. 
14 and 15. The circuit on each of the chips are inde- 
pendent. In emtxKfiments according to the present 
invention, one wafer is separated into four chips. 25 

As shown in Figs. 1(b) and 2(b). excimer laser 20 
removes organic thin-film layers along the scribe line 31 
to form an etched groove 21 . The excimer laser used in 
this emtxxliment is KrF exdmer laser with oscillation 
frequency 200 Hz and energy density 0.8 J/cm^. The 30 
number of shots to be irradiated Is determined by thick- 
ness of the organic thin-film multiple layers to be 
removed. Masking is not needed because the excimer 
laser can shot the scribe line 31 with high precisfon. The 
organic thin-film multiple layers on the scribe line 31 are 35 
removed by abrasion due to irradiation of laser beam. 

The width of the organic thin-film multiple layers 1 1 
to be removed, i.e.. the width of the etched groove 21 . is 
wider than the thickness of saw blade 30. For example. 
If the thickness of the blade 30 is 200 nm, the width to 40 
be removed ranges from 500 >im to 1 mm. Cutting sec- 
tion 40 resulting from etching the organic thin-film layers 
i1 with excimer laser is rough as compared to that 
resulting from sawing with the blade 30. 

Figs. 1 (c) and 2(c) show sawing of the multiple-lay- 45 
ered substrate 10 with the blade 30. As mentioned 
above, the blade 30 has a thickness less than the width 
of the etched groove 21. As the. portion of the organic 
layers 1 1 that is disposed on the scribe line 31 has been 
removed, the ceramic multiple-layered substrate 10 is so 
subjected to sawing with the iDlade 30. The multiple-lay- 
ered substrate 10 is very hard, requiring for the saw 
blade 30 to repeat its operation several times along the 
same scribe line 31. For es^mple. the saw blade 30 
must repeat its operation three times along the same ss 
scribe line for separating the ceramic multiple-layered 
substrate with 2 mm thick. 

As shown in Figs. 1(d) and 2(d). as a result of the 



wafer scribe, the single wafer is separated into four 
chips with circuits 12, 13, 14 and 15. 

Refenring to Figs. 3(a) to 3(d) and Rgs. 4(a) to 4(d), 
there is described a second en^xxjiment according to 
the present invention. The second embodiment is sub- 
stantially the same as the first embodiment except the 
use of plasma etching illustrated in Figs. 3(b) and 4(b) 
instead of etching with excimer laser. Thus, the opera- 
tions illustrated in Figs. 3(a) and 4(a), Rgs. 3(c) and 
4(c). and Rgs. 3(d) and 4(d) are the same as those illus- 
trated in Figs. 1(a) and 2(a). Rgs. 1(c) and 2(c). and 
Figs. 1(d) and 2(d). respectively. 

As shown in Figs. 3(b) and 4(b). the plasma etching 
is used to remove organic thin-f im multiple layers 1 1 
along scribe line 31 to form etched groove 21. In this 
technique, a wafer with metal mask 61 is placed in a 
chamber that is evacuated. A small amount of reactive 
gas is allowed t^ack into the chamber. An electromag- 
netic field is then applied, and the portion along the 
scribe line 31 that is not protected by the mask 61 is 
etched away by the excited etchant ions 60. A type of 
Freons containing oxygen (O2) is used as the feeding 
gas to the chamber. The metal mask 61 is applied to 
protect those portions of the thin-film multiple layers 1 1 
that are not to be etched. A resist mask may be used 
instead of the metal mask 61 . 

Power for ac plasma excitation ranges from 200 W 
to 1 KW. Speed at which organic resin is etched away by 
the plasma etcNng is slow as compared to speed at 
which the organic resin Is etched away by the excimer 
laser. Thus, the plasma etching technique is enrployed if 
the organic thin-film multiple layers 1 1 are relatively thin. 

The width of the organic thin-film multiple layers 1 1 
to be removed, i.e.. the wkith of the etched groove 21 , is 
wider than the thickness of saw k^ade 30. For exanple, 
if the thickness of the blade 30 is 200 ^m. the width to 
be removed ranges from 500 ^m to 1 mm. Cutting sec- 
tion 40 resulting from the plasma etching of the organic 
thin-film multiple layers 1 1 is rough as compared to that 
resulting from sawing with the t^ade 30. 

Refening to Figs. 5(a) to 5(d) and Rgs. 6(a) to 6(d), 
there is described a third errtxxliment according to the 
present invention. The third embodiment is sut^stantially 
the same as the first embodiment excefA the use of fon 
beam etching illustrated in Figs. 5(b) and 6(b) instead of 
the etching with excimer laser. Thus, the operations 
illustrated in Figs. 5(a) and 6(a). Figs. 5(c) and 6Cc). and 
Rgs. 5(d) and 6(d) are the same as those illustrated in 
Figs. 1(a) and 2(a). Figs. 1(c) and 2(c), and Rgs. 1(d) 
and 2(d). respectively 

As shown in Figs. 5(b) and 6(b). the ion beam etch- 
ing Is used to remove organic thin-f im multiple layers 1 1 
along scribe line 31 to form etched groove 21. In this 
technique, a resist mask 92 is applied to protect the por- 
tions of the organic thin-film layers 1 1 that are not to be 
etched away. The resist mask 92 is in the form of optical 
resist and made by optical lithography technkfue. The 
thickness of the resist 92 ranges from lOfim to 50^m. 
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The wafer with the resist 92 is placed in a chamber that 
is evacuated. A small amount of argon gas is allowed 
back into the chamber. An electromagnetic is the 
applied, and the portion along the scribe line that is not 
protected by the resist 92 is etched away by the excited 5 
etchant ions 100. 

Speed at which organic resin is etched away by the 
ion beam etching is slow as compared to speed at 
which the organic resin Is etched away by the excimer 
laser. Thus, the ion beam etching technique is 10 
employed if the organic thin-film multiple layers 1 1 are 
relatively thin. 

The width of the organic thin-film multiple layers 1 1 
to be removed, i.e., the width of the etched groove 21 , is 
wider than the thickness of saw blade 30. For example, is 
if the thickness of the blade 30 is 200 iim, the width to 
be removed ranges from 500 ^m to 1 mm. Cutting sec- 
tion 40 resulting from the ion beam etching of the 
organic thin-film multiple layers 11 is rough as com- 
pared to that resulting from sawing with the blade 30. 20 
After ion beam etching, the resist 92 is removed in a sol- 
vent such as methyl ethyl ketone because the resist is 
soluble in the solvent 

Referring to Figs. 7(a) to 7(d) and Rgs. 8(a) to 8(d). 
there is described a fourth emlDodiment according to the 2S 
present invention. The fourth embodiment is substan- 
tially the same as the first embodiment except the use of 
sand blasting illustrated in Figs. 5(b) and 6(b) instead of 
the etching with excimer laser. Thus, the operations 
illustrated in Figs. 7(a) and 8(a). Figs. 7(c) and 8(c), and 30 
Figs. 7(d) and 8(d) are the same as those illustrated in 
Figs. 1(a) and 2(a), Figs. 1(c) and 2(c). and Figs. 1(cO 
and 2(d), respectively. 

As shown in Figs. 7(b) and 8(b). the sand blasting 
technique is used to remove organic thin-film multiple 3S 
layers 1 1 along scribe tine 31 to form etched groove 21 . 
In this technique, a metal mask 61 is applied to protect 
the portions of the organic thin-film layers 1 1 that are 
not to be etched away. A resist mask may be used 
instead of the metal mask 61. A wafer with the metal 40 
mask 61 is placed in a sand blaster, and the portion 
atong the scribe line 31 that is not protected by the mask 
61 etched away by the radiated sand 140. 

Speed at which organic resin is etched away by the 
sand blasting is high as compared to speed at which the 45 
organic resin is etched away by the ion beam etching. 
Thus, the sand blasting technque is enployed if the 
organic thin-film multiple layers 1 1 are relatively thick. 

The width of the organic thin-film multiple layers 1 1 
to be removed, i.e.. the wkith of the etched groove 21 , is so 
wider than the thickness of saw Wade 30. For example, 
if the thickness of the blade 30 is 200 nm. the width to 
be removed ranges from 500 fim to 1 mm. Cutting sec- 
tion 40 resulting from the sand blasting of the organic 
thin-film multiple layers 1 1 is rough as compared to that ss 
resulting from sawing with the blade 30. 

In each of the embodiments, the ceramic multiple- 
layered substrate is used for description. The present 



invention is applicable to other types of substrate with 
organic thin-film multiple layers, such as. a glass 
ceramic substrate, a sapphire substrate and a silicone 
substrate. 

Referring to Figs. 9(a) to 9(c) and Figs. 10(a) to 
10(c). the before discussed prior art is explained. 

Figs. 9(a) and 1 0(a) show a wafer that is comprised 
of a ceramic multiple-layered substrate 10 with organk: 
thin-film multiple layers 1 1 . 

Rgs. 9(b) and 10(b) show a step of separating the 
wafer with a saw t>lade 30. In. this step, the blade 30 is 
drawn through the organic thtn-film multiple layers 11 
and ceramic multiple-layered substrate 10 along scrit>e 
line 31 to cut them in a single operation. The wafer is 
very hard. Thus, the saw blade 30 must repeat its oper- 
ation several times along the same scribe line 31. For 
example, the saw blade 31 must repeat its operation 
four times along the same scribe line 31 for separating 
the wafer that consists of ceramic multiple-layered sub- 
strate with 2 mm thick and organic thin-film multiple lay- 
ers with 200 \im thick. 

Rgs. 9(c) and 10(c) show the wafer after having 
been separated by the saw blade 30. The cutting sec- 
tion 190 resulting from sawing the organic thin-film mul- 
tiple layers 1 1 with the saw blade 30 is completely flat. 
Thus, the cutting section 190 is subjected to stress 
derived from difference in coefficient of thermal expan- 
sion between the organic multiple layers 1 1 and ceramk: 
substrate 10. 

Rg. 11(a) shows a defect mode in which the 
organic thin-film multiple layers 11 peel off from the 
ceramic multiple-layered substrate 10. f^g. 1 1(b) shows 
another defect mode in which layers of the ceramic mul- 
tiple-layered substrate 10 are separated open. This 
defect is often found in a glass ceramic multiple-layered 
substrate that is relatively weak mechanically. 

From the preceding description, it is now apparent 
that the cutting section 40 resulting from etching the 
organic thin-film multiple layers 11 is rough as com- 
pared to the cutting section 190 resulting from sawing 
with the blade 30. This roughness contributes to dissi- 
pation of the stress in the cutting section, preventing 
occurrence of the defects encountered in the prk>r art. 

Claims 

1 . A method of separating a wafer into IndivkJual die, 
the wafer including a substrate with organic multiple 
layers, the method comprising the steps of: 

removing a portion of the organic multiple lay- 
ers along a scribe line to form a groove to 
expose a portion of the substrate; and 
sawing said portion of tiie substrate along the 
scribe line with a saw blade tiiat has a thick- 
ness less than a wktth of said groove. 

2. A method as claimed in claim 1, wherein sakl 
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removing step includes the step of inadiating laser 
beam of excimer laser to remove said portion of the 
organic multiple layers. 

3. A method as claimed in claim 1 or 2. wherein said s 
removing step includes the step of plasma etching 
said portion of the organic multiple layers with 
excited etchant ions. 

4. A method as claimed in claim 1 . 2. or 3. wherein io 
said removing step includes the step of etching said 
portion of the organic multiple layers with ion beam. 

5. A method as claimed in claim 1. 2. 3 or 4, wherein 
said removing step includes the step of sand blast- is 
ing to etch said portion of the organic multiple lay- 
ers. 
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